Abstract
Introduction
Acute decompensated heart failure (ADHF) is a common and potentially fatal cause of acute respiratory distress. Respiratory infections have long been recognized as precipitators of exacerbation and concomitant pneumonia has been reported in 7-10% of ADHF patients [1] [2] [3] . Detecting patients who present with an ADHF and signs of superimposed pneumonia is often difficult because of the non-specific nature of the physical examination or chest x-ray abnormalities in the setting of cardiogenic pulmonary edema. Unfortunately, misdiagnosis may result in delayed antibiotic therapy and may potentially increase morbidity and mortality [4, 5] . Conversely, over-treating this unique population with antibiotics is associated with adverse reactions, high cost and the emergence of bacterial resistance [6] .
Infectious conditions increase the levels of immature granulocytes. However, this measurement is difficult to obtain in clinical practice because manual counting is not accurate [7] [8] [9] [10] . Nahm et al. proved that the delta neutrophil index (DNI), which is the difference in leukocyte subfractions identified by a cytochemical myeloperoxidase reaction and by a nuclear lobularity assay and is determined using a blood cell analyzer (ADVIA 120, Siemens, Inc.), was strongly correlated with manual immature granulocyte counts (r = 0.75, p <0.05) [11] [12] [13] . Several investigators examined the ability of DNI to predict early diagnosis, disease severity, and prognosis of patients with sepsis [10, 14] . DNI can also be easily used to evaluate inflammation and infection in the ED setting because tests can be performed at the same time as routine complete blood count (CBC). However, no information is available on the clinical usefulness of DNI with respect to the diagnosis of superimposed pneumonia in patients with ADHF.
We hypothesized that DNI might be elevated in patients with superimposed pneumonia in the setting of ADHF. Therefore, we evaluated differences in initial DNI according to the presence of pneumonia in patients with ADHF and the predictive value of DNI for diagnosis of superimposed pneumonia in patients presenting with ADHF at the ED.
Materials and Methods

Study setting and population
This was a retrospective and observational study of consecutive patients more than 18 years of age diagnosed with ADHF in the ED over a 7-month period between June 2015 and DecemberAny patient records in which the word "heart failure" was used as an ED discharge code in computerized hospital records were initially considered for patient selection. A diagnosis of ADHF was made according to a history of previously diagnosed heart failure and an accompanied by specific symptoms, such as dyspnea and fatigue, and signs of fluid retention or newonset heart failure with symptoms sufficient for the needs of an admission care [15, 16] . The selected patients were categorized into the ADHF group or the ADHF with pneumonia group. The ADHF group was defined as patients with ADHF exacerbated by other reasons except for pneumonia. The ADHF with pneumonia group was defined as patients with ADHF exacerbated by concomitant pneumonia. Because radiographic findings in ADHF can range from no specific abnormality to marked cardiomegaly and extensive bilateral interstitial markings [17, 18] , the radiologic and bacteriological findings were used to define the concomitant pneumonia within the patients. Diagnosis of superimposed pneumonia was made according to the appearance of a new infiltrate not fully explained by ADHF on chest computed tomography (CT), accompanied by a fever of at least 38°C and/or leukocytosis (!10,000 cells/mL) or leukopenia ( 5,000 cells/mL) and/or positive sputum culture in a patient [19] . The appearance of a new infiltrate on chest CT was confirmed by a specialized radiologist and presence of concomitant pneumonia was retrospectively reviewed by pulmonologist and radiologist. If there were inter-observer disagreements between the interpretations of concomitant pneumonia, both pulmonologist and radiologist reviewed and discussed the cases together for the conclusions.
The study exclusion criteria were: 1) patients with hematologic abnormalities or other concurrent infections and those who received granulocyte colony stimulating factors, glucocorticoids, or other immunosuppressants before study enrollment, which can cause changes in the DNI level, 2) definite evidence of acute ST-elevation myocardial infarction as cause of ADHF, 3) clear alternative diagnosis (foreign body aspiration) as cause of concomitant pneumonia, 4) clinically suspicious for superimposed pneumonia without performing chest CT, 5) ADHF by other concurrent infections except pneumonia, 6) patients transferred from other hospitals due to the effect of other treatments including antibiotics, 7) transfer to another hospital after ED admission, and 8) discharge against medical advice. Since the study was performed retrospectively and observationally, we did not obtained informed consent from the participants and the patient records and/or information were anonymously processed prior to the analysis. Approval of this study was obtained by the institutional review board of Wonju College of Medicine, Yonsei University.
Data collection
Data were collected by retrospectively reviewing electronic medical records. Data collection was conducted by two emergency physicians who were blinded to the study objectives and hypothesis. The categorization of the patient's group, which was done by pulmonologist and radiologist, was blinded to the abstractors. The abstractors were trained before a data collection to reduce the possible bias from the data collection. We used explicit case report forms and the chart abstractors and study coordinators were met periodically to resolve any disputes and to review coding rules. The study coordinators monitored the performance of abstractors. We collected demographic data (including age and sex), information regarding preexisting comorbidities, associated symptoms, vital sign (including systolic blood pressure [SBP] , diastolic blood pressure, pulse rate, and respiratory rate, body temperature [BT]), and prognosis data (including total admission duration and in-hospital mortality). As laboratory data, DNI, serum white blood cell (WBC) and C-reactive protein (CRP), which are commonly used marker for predicting inflammation and infection in the ED, and β-natriuretic peptide (BNP) were measured upon ED arrival.
The ADVIA 120/2120 automatic cell analyzer (Siemens, Tarrytown, NY, USA) was used for determining DNI. It is specific to the technology found in the ADVIA unit manufactured by Siemens, which is a flow cytometry-based hematologic analyzer that uses two independent WBC analysis methods using a myeloperoxidase (MPO) channel and a lobularity/nuclear density channel. DNI was calculated in leukocyte differentials using the following formula: DNI = (the leukocyte subfraction assayed in the MPO channel by cytochemical reaction)-(the leukocyte subfraction counted in the nuclear lobularity channel by the reflected light beam) [11] [12] [13] .
The primary outcome of this study was the investigation of differences in initial DNI between the ADHF group and the ADHF with pneumonia group, and the predictive ability of the initial DNI measured upon ED arrival for differentiating superimposed pneumonia in patients with ADHF.
Data analysis
Categorical variables are presented as frequencies and percentages, and continuous variables are presented as means and standard deviations (SD) or as medians and interquartile ranges (IQR). Normality was assessed using the Shapiro-Wilk test. The chi-square test or Fisher's exact test was used to compare categorical variables, while the two-sample t-test or the MannWhitney U test were used to compare continuous variables. The area under curve (AUC) for the predictive ability for the presence of concomitant pneumonia was determined using receiver operating characteristic (ROC) curves. In addition, comparison of AUCs was used to compare the predictive ability of each method for the presence of superimposed pneumonia in ADHF. P-values of <0.05 were considered statistically significant, and the analysis was performed using SPSS Ver. 20 (IBM, Armonk, NY, USA) and SAS 9.2 Ver. (SAS Institute Inc., Cary, NC, USA).
Results
Characteristics of study subjects
A total of 218 consecutive patients, aged over 18 years old, were identified with ADHF during the study period. The following patients were excluded: those with hematologic abnormalities including leukemia or myelodysplastic syndrome (10 patients), definite evidence of acute STelevation myocardial infarction (11 patients), a clear alternative diagnosis (foreign body aspiration) (9 patients), clinically suspicious for superimposed pneumonia without performing chest CT (2 patients), another concurrent infection like urinary tract or gastrointestinal infection (10 patients), patients transferred from another hospital due to other treatment effects including antibiotics (17 patients), patients transferred to another hospital after ED admission (5 patients), patients discharged against medical advice (5 patients), and those with insufficient data (2 patients). Ultimately, we included 147 patients of the 218 patients with ADHF.
The baseline characteristics of the 147 study subjects are shown in Table 1 . Fifty-eight patients were male (39.5%) and the overall median age was 79 years. Common medical past histories were hypertension (63.9%) and coronary artery disease (27.9%). Common initial symptoms at ED presentation were dyspnea (90.5%), chest discomfort (44.2%), and cough (38.8%). Median SBP and BT were 135 mmHg and 36.5°C, respectively. Five patients (5.9%) died in the hospital despite treatment.
The ADHF with pneumonia group included 30 patients (20.4%). The results of the univariate analysis between the ADHF group and the ADHF with pneumonia group are shown in Table 1 . Patients in the ADHF group and the ADHF with pneumonia group differed significantly in terms of male (32.5% vs. 66.7%, p = 0.001), chronic obstructive pulmonary disease (COPD) (4.3% vs. 26.7%, p<0.001), and total admission days (5.0 days vs. 9.5 days, p = 0.001) ( Table 1) .
Main results
Median initial DNI was significantly higher in the ADHF with pneumonia group than in the ADHF group (1.8% vs. 0%, p<0.001). Also, the median initial serum WBC and CRP were significantly higher in the ADHF with pneumonia group than in the ADHF group (10,470 cells/ mL vs. 8,200 cells/mL, p<0.001 and 6.10 mg/dL vs. 0.56 mg/dL, p<0.001). In contrast, serum BNP was significantly higher in the ADHF group than in the ADHF with pneumonia group (1,193 pg/mL vs. 727 pg/mL, p<0.001) ( Table 1) . Multiple logistic regression analyses showed that only initial DNI significantly predicted the presence of superimposed pneumonia in patients with ADHF in the ED ( Table 2 ). The areas under the ROC curves for initial DNI, CRP, and WBC for differentiating the ADHF group from the ADHF with pneumonia group were 0.916 (95% confidence intervals [CI] 0.859-0.955), 0.828 (95% CI 0.756-0.886), and 0.715 (95% CI 0.635-0.786), respectively. The AUC of initial DNI was significantly higher than the AUC of initial serum WBC and CRP in terms of predicting ADHF with pneumonia (p<0.001 and p = 0.047). (Table 3 and Fig 1) .
Discussion
To the best of our knowledge, this is first report to evaluate the relationship between initial DNI and superimposed pneumonia in ADHF. In this study, initial DNI among patients with ADHF on presentation at the ED was significantly higher in patients with pneumonia compared to those without pneumonia. Superimposed pneumonia can cause increased levels of immature granulocytes due to infection and inflammation. Therefore, DNI, which correlates well with immature granulocyte levels, may be increased in the ADHF with pneumonia group [7, 8, 11 ]. The present study shows that initial DNI is a good predictor of superimposed pneumonia in patients with ADHF in the ED, and the predictive ability of the initial DNI for the ADHF with pneumonia group was good. Also, the prediction rate of the initial DNI was significantly higher than that of initial serum WBC and CRP, which are commonly used markers for predicting inflammation and infection. Based on our data, DNI showed higher accuracy than WBC and CRP for detection of superimposed pneumonia with ADHF in the ED. The process of granular leukocyte differentiation in an infectious condition starts from immature granulocyte formation; therefore, the change in DNI may have preceded the change in absolute number of WBC or neutrophil [14] . DNI analysis has another important merit in that it does not require any additional time or cost in the clinical setting, because it is performed routinely along with leukocyte differential counts, and the results can be obtained at the same time as WBC counts and neutrophil fractions in CBC testing. Therefore, we suggest that initial DNI might be used as an additional parameter to differentiate ADHF with superimposed pneumonia from ADHF in the ED. Serum CRP is a sensitive marker of pneumonia, and its measurement is considered common practice. Increased serum CRP on admission has been demonstrated to be a relatively more sensitive marker in pneumonia patients than any clinical symptom or sign [20] [21] [22] [23] . Joffe et al. reported that the mean serum CRP level on admission was 1.35±1.35 mg/dL for ADHF patients and 12.7±8.4 mg/dL for ADHF with superimposed pneumonia patients (p<0.001). Although CRP elevation has also been noted in HF patients, the prediction rate of the differentiating ability between ADHF and ADHF with superimposed pneumonia (AUC 0.918) was good compared with common practice clinical and radiological criteria [24] . However, Simon et al. reported that serum CRP has low sensitivity and specificity for bacterial infection [25] . In the present study, the prediction rate of initial serum CRP was lower than that of DNI and was not a predictor of superimposed pneumonia with ADHF, although there was a significant difference in serum CRP between the ADHF group and the pneumonia with ADHF group. BNP and N-terminal pro-BNP (NT-proBNP) assays can supplement clinical judgment when the cause of a patient's dyspnea is uncertain, particularly among patients with an intermediate probability of HF [26, 27] . In this study, BNP was significantly higher in the ADHF group than in the superimposed pneumonia group. However, Yang et al. reported that NTproBNP was significantly higher in the superimposed pneumonia group than in the ADHF group (3,147 pg/mL vs. 7,039 pg/mL, p<0.0001) [28] . We thought that change from the baseline value of BNP or NT-proBNP was more important than the absolute value of BNP or NTproBNP, because the baseline value may differ according to the disease status of the patient.
In this study, the prevalence of ADHF with pneumonia (20.4%) was higher than in other reports (7-10%) [1] [2] [3] . Differences in prevalence may develop depending on the study population and the criteria used to define ADHF and superimposed pneumonia. In this study, the ADHF with pneumonia group had more lung diseases, including COPD; in a study by Joffe et al., there were no differences in terms of lung disease, such as COPD and asthma [24] . We believe these differences may have resulted from the fact that diseases and conditions in the host, such as COPD, may lead to impairment of the pulmonary defense and increased risk of community-acquired pneumonia [29] . In this study, total admission days were significantly higher in the superimposed pneumonia group. We thought that, because the ADHF with pneumonia group had significantly more underlying lung disease, they may have had lower lung function than the ADHF group. Iverson and colleagues have shown a clear link between lung function and outcome in HF patients by demonstrating the prognostic importance of spirometric variables, in addition to known risk factors, including self-reported COPD [30] . Therefore, this may account for the greater total admission days in the ADHF with pneumonia group than in the ADHF group.
This study has some limitations. First, the present study was limited by its retrospective design. During data collection, some data might be missing data. Also, since this study was conducted at the emergency center of a single hospital, the sample size was small. Second, selection bias could have been caused by the excluded patients. Third, we did not classify patients in the ADHF with pneumonia group according to infection severity. Seok et al. reported that the median DNI value was 0.0% in a control (no evidence of infection or inflammation) group, 0.8% in a systemic inflammatory response syndrome group, 3.4% in a sepsis group, and 18.6% in a severe sepsis group. Furthermore, there were significant differences among the groups [10] . Therefore, we believe that median initial DNI value might be different according to infection severity. Fourth, we did not evaluate the time from symptom onset to ED arrival. It is possible that this time gap could affect the values of the inflammatory markers. Fifth, because serial DNI values were not investigated after admission, we did not evaluate the usefulness of changes in DNI. Sixth, we could not investigate baseline BNP values in patients with ADHF. Therefore, we could not evaluate changes from the baseline value of BNP and the usefulness of changes in BNP. Seventh, in Maisel et al., it was reported that procalcitonin may aid in the decision to administer antibiotics therapy to patients presenting with acute heart failure in whom clinical uncertainly existed regarding a superimposed bacterial infection [31] . However, we did not investigate serum procalcitonin in all of the included patients. Therefore, we could not compare the usefulness of DNI with the usefulness of procalcitonin. Although the ADHF with pneumonia group had higher serum procalcitonin values than the ADHF group, there was no significant difference between the ADHF group and the ADHF with pneumonia group. We believe that a well-designed prospective study is needed to expand our current knowledge and overcome the limitations of our current study.
Conclusions
Initial DNI, which was measured upon ED arrival, was significantly higher in the ADHF with pneumonia group than in the ADHF group, and the predictive ability of initial DNI for ADHF with superimposed pneumonia in the ED was better than those of serum WBC and CRP. Therefore, DNI may serve as a convenient and useful marker for early diagnosis of superimposed pneumonia in patients with ADHF in the ED.
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